Abstract The purpose of this study was to determine the effectiveness of Prostap 3 M, a 3-month depot preparation of a gonadotrophin-releasing hormone agonist, in the relief of pelvic pain symptoms caused by endometriosis and to assess its effects on bone mineral density. A prospective cohort study was carried out at St. James's University Hospital, Leeds, and included 13 women with laparoscopically diagnosed endometriosis (n=13). Baseline investigations were performed to measure pain symptoms, bone mineral density and oestradiol levels. The women were then treated with 7 months of Prostap 3 M. At the end of treatment, the investigations were repeated. After the 7-month treatment phase, there was a statistically significant reduction in all the pain subset scores. The continuous GnRHa therapy resulted in a fall of serum oestradiol levels into the post-menopausal range. After treatment with Prostap 3 M, women with endometriosis showed a mean decrease of 5.57% in BMD of the lumbar spine and of 3.47% in femoral BMD. Both these falls are statistically significant. Prostap 3 M is effective in relieving the painful symptoms associated with endometriosis, and the continuous therapy over 7 months does indeed induce a hypo-oestrogenic state. However, the effects of Prostap 3 M on bone mineral density appear to be more detrimental than seen with monthly preparations.
Introduction
Chronic pelvic pain (CPP) is defined as pain that has been present for 6 months or longer and is a common cause of referral to gynaecology clinics. The most common cause found for the pain is endometriosis, which is characterised by ectopic endometrial tissue lying within the pelvis. There are many theories about the cause of endometriosis, including Sampson's theory of "retrograde menstruation". Diagnostic laparoscopy is the 'gold standard' investigation for endometriosis and the only way to make a definitive diagnosis of the condition. Laparoscopy may reveal the presence of endometrial deposits in the form of black spots, red polyps, white scarring, adhesions, endometriomas, etc.
Endometriosis may be treated medically or surgically. Hormone treatment of endometriosis is based on the theory that endometriotic lesions require oestradiol to continue growing as oestrogen receptors are present in endometriotic deposits. Therefore, by inducing a hypooestrogenic state, regression of the disease should occur. Gonadotrophin-releasing hormone agonists (GnRHa) were discovered in the early 1970s and first used clinically in the 1980s. Since then they have become one of the mainstay treatments for endometriosis. They act at a pituitary level, causing a fall in serum FSH and LH levels that in turn leads to a decrease in ovarian oestrogen production. GnRHa have been proved to be effective in the management of the painful symptoms associated with endometriosis [1] .
Leuprorelin acetate is a widely used GnRHa in the management of endometriosis pain. At present, in the UK, it is licensed to be used in gynaecology in its monthly form (3.75 mg, Prostap SR, Wyeth). Several trials have shown a 6-month treatment of Prostap SR (six doses) to be highly effective for endometriosis-related pain. Wheeler et al. [2] reported that 55% of women with endometriosis (n=128) reported complete resolution of pain after Prostap SR treatment over 24 weeks. However, at the end of 6 months of therapy with a continuous GnRHa, reductions of 2.9 to 5.6% in the bone mineral density of the lumbar spine have been reported [3, 4, 5] .
Prostap 3 M is a new 3-monthly depot preparation of leuprorelin acetate, 11.25 mg. It is administered in a similar way to Prostap SR, either intramuscularly or subcutaneously. The advantages of this preparation over Prostap SR are that during a 6-month treatment period, only two injections would be needed, resulting in fewer visits to hospital for the patient and therefore cutting down on clinic waiting times. Our preliminary studies have shown Prostap 3 M to be as effective as Prostap SR in reducing painful symptoms over a 6-month therapeutic phase. However, its possible adverse effects are as yet unknown. This preliminary trial investigates the effectiveness with regard to pain and the bone demineralisation effects of Prostap 3 M and considers the results in light of available data on Prostap SR.
Materials and methods
Thirteen women were recruited into this trial. All had initially presented to the gynaecology out-patient clinic at St James's University Hospital, Leeds, Yorkshire, complaining of chronic pelvic pain for at least 6 months. Each underwent a diagnostic laparoscopy under a general anaesthetic and all were found to have mild endometriosis. After being fully informed about the trial and obtaining written consent, each woman had a Dual Energy X-ray Absorptiometry (DEXA) scan to measure baseline bone mineral density in the lumbar spine vertebrae 2-4 and neck of the femur. A venous blood sample was taken to measure serum oestradiol levels. All of them then completed a simple 0-3 baseline questionnaire, whereby they scored their symptoms of dysmenorrhoea, dyspareunia and pelvic pain (where 0= no pain and 3= severe pain). The women were then treated with a 7-month course of Prostap (a 1-month dose of 3.75 mg leuprorelin acetate to establish tolerance, followed by two 3-month injections of 11.25 mg). At the end of the treatment phase, the pain questionnaire, DEXA scan and blood test were repeated. Cross-calibration of the DEXA equipment was performed to ensure quality control. All the results were entered into a database and statistically analysed. Significance was assumed for P values of less than 0.05.
Results
Complete data have been obtained on 13 white women. The ages ranged form 22 to 46 years with a mean of 32.7 years. All the women had grade I or II endometriosis on laparoscopy, using the American Fertility Society classification. The mean spine BMD at the start of the study was 1.261 g/cm 2 and the mean femur BMD was 1.043 g/cm 2 . Baseline mean pain scores were as follows: dysmenorrhoea 2.31€1.11, dyspareunia 1.85€0.90 and non-cyclical pelvic pain 2.08€0.76. All women had serum oestradiol levels within the normal pre-menopausal range.
When the group was subdivided into endometriosis grades I or II, using the revised American Fertility Society classification, there was no significant difference between the two subsets with regard to the baseline characteristics of body mass index (BMI), age, spinal or femoral BMD, or serum oestradiol levels. Grade of endometriosis also had no significant influence on baseline pain scores.
After the 7-month treatment phase, there was a statistically significant reduction in all the pain subset scores (Fig. 1 ). There was a mean decrease in score of 2.08 for dysmenorrhoea, 1.0 for dyspareunia and 1.23 for nonmenstrual pain (Fig. 1) .
The mean spine BMD post-treatment was 1.19€0.15. This was an overall 5.57% decrease. The mean neck of femur BMD dropped to 1.04€0.15, indicating a percentage loss of 3.47%. A paired t-test showed that the decreases in bone mineral density in both the spine and the neck of the femur after treatment with Prostap 3 M were statistically significant (Fig. 2) .
The decrease in serum oestradiol levels was also statistically significant after treatment. At the start of the study, the mean serum oestradiol value was 226.5 pmol/l. After 7 months of Prostap 3 M, the mean fell to 94.3 pmol/ l, which is in the post-menopausal range. The grade of endometriosis did not have any statistically significant influence on the changes in pain score, BMD or oestradiol levels.
Discussion
It has been suggested that endometriosis is associated with reduced bone mass in the periphery [6] , possibly secondary to immune dysfunction. Other studies have shown that women with endometriosis have bone mineral density levels within the range normal for age [7, 8, 9, 10] . Looker et al. [11] produced normal ranges of bone mineral density of the neck of femur based on their data from normal US adults. They took a nationally representative sample and produced tables divided into groups by sex, ethnicity and age. We compared our baseline measurement results of the mean BMD of the neck of femur in white women with endometriosis to their figures on normal healthy white women (Table 1) .
In a similar way to normal healthy women, women with endometriosis showed a decreasing femoral BMD with age. However, we found that endometriosis sufferers appear to have an increased mean femoral BMD compared with normal values, and these differences are statistically different (P=0.02). The grade of endometriosis does not significantly influence the BMD.
Our preliminary data shows that Prostap 3 M is an effective treatment for the pain caused by endometriosis. The Gestrinone Italian Study Group [12] looked at the effectiveness of the monthly preparation of leuprorelin acetate, Prostap SR, in similar patients and, comparing our results with their data, Prostap 3 M appears to be as effective as Prostap SR in terms of symptom relief (P>0.05; Table 2 ).
As expected, the continuous GnRHa therapy resulted in a hypo-oestrogenic state, and this was reflected in the fall of serum oestradiol levels into the post-menopausal range.
After treatment with Prostap 3 M, women with endometriosis showed a mean decrease of 5.57% in BMD of the lumbar spine and of 3.47% in femoral BMD. Both these falls are statistically significant. Dlugi et al. [13] reported a mean loss of 3.6% in spinal bone mineral density in 15 women with endometriosis who had been treated with Prostap SR for 6 months. Hornstein et al. [14] also treated their endometriosis patients with Prostap SR and found a BMD fall of 3.2€1.8% in the lumbar spine at 6 months. Our results show a mean lumbar spine BMD decrease of 5.57%, which suggests that the use of Prostap 3 M is more detrimental than Prostap SR in terms of bone demineralisation.
Conclusion
Prostap 3 M appears to be as effective as Prostap SR in relieving the painful symptoms associated with endometriosis. As expected, the continuous therapy over 7 months induced a hypo-oestrogenic state. The effects of Prostap 3 M on bone mineral density seem to be more detrimental than Prostap SR. A randomised controlled trial to assess the benefits of concurrent hormone replacement therapy with Prostap 3 M is now in progress. 
